Diabetic retinopathy (DR) poses a major public health burden in India. According to the World Health Organization, the number of cases of type 2 diabetes mellitus (DM) will grow from 19 million in 1995 to nearly 80 million in 2030 and India will emerge one of the major hubs of diabetic population.\[[@ref1][@ref2]\] Nearly half of the patients with diabetes would have some degree of DR at any given time.\[[@ref3][@ref4]\] After 15 years of duration of DM, DR will develop in nearly all patients with type 1 DM and about 75% of those with type 2 DM.\[[@ref2][@ref3]\] In Indian subcontinent, the prevalence rate of DR is reported between 12% and 37% in type 2 DM.\[[@ref5][@ref6]\]

Diabetic retinopathy constitutes sixth common cause of blindness in India.\[[@ref2]\] The major contributing factor toward the development of blindness is the progression to an advanced stage of the disease. The patients themselves never visit an ophthalmologist in the early stage of DR when it is often asymptomatic. The key to maintenance of good vision in these eyes is the early detection and treatment that can be done by screening all the patients with a diagnosis of DM. Screening is vital not only to prevent visual loss, but it is also a highly cost-effective health intervention program.

The gold standard for evaluating DR is the seven standard stereoscopic 30° field photographs.\[[@ref7]\] The screening strategy recommended by the American Diabetes Association and the American Academy of Ophthalmology comprises of a dilated fundus examination with stereoscopic evaluation of the posterior pole on slit lamp biomicroscopy.\[[@ref8][@ref9][@ref10][@ref11]\] Alternative methods include direct ophthalmoscopy or nonstereoscopic 45° retinal photography through an undilated pupil, and nonstereoscopic 45° retinal photography through a dilated pupil. Nonmydriatic cameras (NMC) have been used for evaluating DR for the last 25 years.\[[@ref12][@ref13]\] In the USA and Europe, regular screening of DR using nonmydriatic fundus camera is being widely recommended, but their sensitivity and specificity is not known in Indian eyes with dark brown irides. The present study evaluates the sensitivity and specificity of nonmydriatic digital imaging (NMDI) in screening DR in Indian eyes.

Materials and Methods {#sec1-1}
=====================

Patients and imaging {#sec2-1}
--------------------

Five hundred patients (1000 eyes) with type 1 or type 2 DM attending the endocrinology clinic of our hospital, were imaged between September 2008 and June 2010 and analyzed. Institute ethics committee approval was obtained, and the study was conducted in accordance with Helsinki declaration. Patients with following criteria were excluded:

History of previous laser treatment or vitreous surgeryPatients already following up under a retina specialistPatients with significant physical or mental disabilities who were unable to sit at the camera or cooperate with photographyPatients with significant cataract and corneal opacity in one or both eyes precluding fundus photography.

The nonmydriatic fundus camera (Zeiss Procam) was stationed in the endocrinology clinic, which is located within 300 m of the Ophthalmology Department. After explaining the nature and need for fundus photography, relevant history was taken to rule out exclusion criteria. A trained ophthalmic technician conducted three 45° retinal field imaging in color and red free (1) Optic disc and macula, (2) Superotemporal to optic disc (3) Nasal to optic disc. Three color 45° nonmydriatic fundus fields have been considered as an effective screening tool for quantifying DR.\[[@ref14]\]

All patients were made to wait in a dark room prior to taking photographs. A single external image of each eye was acquired to rule out any significant corneal opacity or cataract. Imaging of the posterior segment followed this. After doing few patients, it was found that after exposure to an initial flash, it took several minutes for the pupil to redilate enough for posterior segment to be photographed again. We increased the time interval between successive images in steps of 1 min until a good quality image could be taken. The successive photographs were taken at interval of 3-6 min. The patients were then directed to the Advanced Eye Centre for dilated fundus photography in the same fields (Zeiss Visupac 450 + fundus camera). Based on dilated fundus imaging, each patient was managed for DR accordingly.

Grading of retinal images {#sec2-2}
-------------------------

The images were displayed on the monitor of the respective cameras from the database. Each observer separately reviewed the external image to look for the size of pupil, status of lens, presence of any corneal opacity, or any lid abnormality. All six fundus images (both in color and red-free mode) from each eye were then reviewed independently by the two experienced retina specialists (VG, RB) and graded for quality of photograph and retinopathy. Any microaneurysms, retinal hemorrhages, venous dilatation or venous caliber abnormalities, retinal exudates (hard or soft), cotton wool spots, retinal thickening, retinal detachment, vitreous hemorrhage, or neovascularization of the disc or retina were looked for. The quality of photographs was assessed as per the following grading scheme used by Higgs *et al*.\[[@ref15]\]

Grade 1: ExcellentGrade 2: Definition of most retinal detail clearGrade 3: Definition limited, but most detail visible; minor degrees of retinopathy and fine disc or retinal new vessels might be missedGrade 4: Only gross detail visible; larger hemorrhages and exudates may occasionally be detectableGrade 5: No detail visible.

The DR was characterized as per Airlie house classification of ETDRS as listed.\[[@ref9]\]

No DR: No abnormalitiesMild nonproliferative DR (NPDR): Occasional Microaneurysms or hemorrhages onlyModerate NPDR: Moderate intraretinal hemorrhages, hard or soft exudatesSevere NPDR: Numerous peripheral retinal hemorrhages (each of 4 quadrants) and/or definite venous beading in 2 + quadrants and/or moderate intraretinal microvascular abnormalities (1 + quadrant); and no signs of proliferative DR (PDR)Proliferative DR: New vessels on disc or elsewhere on retina, vitreous/preretinal hemorrhage.

As ophthalmoscopic examination was done in selected patients only (requiring retinal services care after referral), grading of maculopathy was not done separately in patients detected to have any level of DR. Any grade worse than mild NPDR was labeled as sight-threatening DR (STDR) such as moderate NPDR or worse, or clinically significant maculopathy in one or both eyes needing prompt referral for investigations and management.\[[@ref16]\] These clinical levels were graded on dilated fundus photography and nonmydriatic retinal imaging (NMRI) and then compared to evaluate the sensitivity and specificity of NMRI.

Results {#sec1-2}
=======

A total of 500 patients (1000 eyes) with both type 1 and type 2 diabetes could be photographed both on nonmydriatic and dilated fundus camera. There were 306 males and 194 females. The mean age was 52.97 ± 13.46 years (range: 9-84 years).

Their DR status was assessed by dilated fundus grading (reference) for images captured after pharmacological pupil dilatation. Digital NMRI of these patients was analyzed by two masked observers (number 1 and number 2) and compared. The dilated fundus imaging was considered to be the reference for detecting any form of DR. Images were classified as no DR or presence of any type of DR. DR was further classified as mild NPDR, moderate NPDR, severe NPDR, or PDR.

Statistical analysis was performed using SPSS Windows 17 for version (SPSS Inc., Chicago, IL). Chi-square test was applied to find the association between the grading done by the observers and their measure of agreement (Kappa coefficient). The gradation by each observer was also compared with the grades of DR by dilated fundus imaging which was considered gold standard for their association and agreement. We also calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of NMRI for detecting any form of DR by both the observers separately. Wilcoxon signed ranks test was applied to compare the distributions of grading by the observers and the grading by gold standard.

Observer number 1 {#sec2-3}
-----------------

Of 1000 eyes, 256 (25.6%) eyes could not be graded as they were either partially or completely unassessable. Of 500 patients, 153 (30.6%) patients had ungradable images in at least 1 eye. In 347 (69.4%) patients, both eyes could be graded from undilated images. The mean age of patients with ungradable images was 55.14 ± 12.65 years (median 56 years, range: 15-81 years) and with gradable images was 50.71 ± 13.60 (median 53 years, range: 9-84 years). The difference was statistically significant (*P* \< 0.001).

When analyzed in this subset of 347 patients with gradable images by digital nonmydriatic photography (after exclusion of patients with ungradable images), the sensitivity of detecting any type of DR was 84.7%. The specificity was 99.6%. The PPV was 98.9% and NPV 93.3%. The weighted kappa (κ) denoting the level of agreement between the undilated and the dilated images of these 347 patients was 0.876.

However, since only 69.4% patients could be graded from undilated images, the overall sensitivity and specificity in the screened population were reduced to 58.8% and 69.1%, respectively. The Overall PPV and NPV were 68.6% and 64.7%, respectively. The level of agreement was also reduced (κ = 0.608).

Similarly, the sensitivity of detecting STDR in 347 patients was 91.1% and the specificity was 99.3% (κ =0.924). The PPV was 96.2% and NPV 98.3%. However, the overall sensitivity, specificity, PPV, and NPV were reduced to 63.1%, 68.9%, 66.8%, and 68.2%, respectively, in the 500 patients screened (κ = 0.641).

Of 744 eyes that could be graded from nonmydriatic imaging, there was concurrence in 689 (92.6%) eyes between the dilated and undilated photographic grading of the absence and presence of (including severity of) DR (κ = 0.827). While 6 eyes were falsely assigned more severe grades, 49 eyes were falsely assigned lower grades of DR and were underestimated by the observer from undilated images when compared with dilated fundus photographs in terms of severity of DR as shown in [Table 1](#T1){ref-type="table"} (*P* \< 0.001).

###### 

Distribution of absence or presence of diabetic retinopathy and its severity as assessed by the observer number 1 from nonmydriatic imaging compared to conventional dilated fundus imaging

![](IJO-62-851-g001)

Observer number 2 {#sec2-4}
-----------------

A total of 254 eyes (25.4%) could not be graded for absence or presence of any type of DR due to partially or totally unassessable images by the NMC. The results by observer number 2 are summarized in [Table 2](#T2){ref-type="table"}. The level of agreement between the two observers was high as denoted by κ = 0.96. [Table 3](#T3){ref-type="table"} shows the inter observer variability between the absence, presence, and severity of DR.

###### 

Distribution of absence or presence of diabetic retinopathy and its severity as assessed by the observer number 2 from nonmydriatic imaging compared to conventional dilated fundusss imaging

![](IJO-62-851-g002)

###### 

Distribution of ungradable images, absence and presence of diabetic retinopathy (including its severity) as assessed by the two observers from nonmydriatic imaging (κ=0.96)

![](IJO-62-851-g003)

The rate of ungradable images was 30.6% and 31% by the two observers, respectively \[Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. As per the exclusion criteria, uncooperative patients and those with significant media opacities on gross external eye examination (such as corneal opacities or dense white cataract) were not recruited in the study. However, 19 eyes (7.5% of ungradable images by nonmydriatic imaging) of 12 patients remained ungradable even on dilated fundus imaging due to significant cataract in 10 eyes (that could not be excluded by gross examination), posterior capsular opacification (5 eyes), and asteroid hyalosis (4 eyes).

![Anterior segment photographs of the right (a) and left (b) eyes of a 57-year-old male showing undilated pupils just before obtaining nonmydriatic retinal imaging (NMRI). The NMRI showed grade 4 quality photographs in both right (c) and left (d) eyes. Both eyes were ungradable for detection of diabetic retinopathy (DR). Dilated fundus photographs of right (e) and left (f) eyes of same patient as in a-d, showing grade 1 quality images and absence of any DR](IJO-62-851-g004){#F1}

![Anterior segment photographs of the right (a) and left (b) eyes of a 41-year-old male showing undilated pupils just before obtaining NMRI. The NMRI showed grade 5 quality photographs in both right (c) and left (d) eyes. Both eyes were ungradable for detection of diabetic retinopathy. Dilated fundus photographs (e and f) and fluorescein angiography photographs (g and h) of same patient as in a-d, showing grade 1 quality images. There is presence of clinically significant macular edema and neovascularization elsewhere on the retina in both eyes, suggestive of proliferative diabetic retinopathy](IJO-62-851-g005){#F2}

Discussion {#sec1-3}
==========

The main aim of screening DR is to detect referable cases that need full ophthalmic evaluation and treatment. Any delay in this would lead to irreversible visual loss. Our results show a sensitivity of 84.7% and 83% by two independent observers among patients with gradable fundus images for detecting any form of DR by the NMRI system. The accepted target for an effective screening program is 80%.\[[@ref17]\] The sensitivity in our study decreases further if all patients with gradable and ungradable images are included.

Nearly 80% of people with diabetes are in developing countries, where its health burden is alarming in China and India.\[[@ref18][@ref19]\] Every fifth diabetic in the world is an Indian. The aim of screening DR is to detect retinopathy, determine its severity, and to decide which patients require referral for further investigation and possible treatment. This requires a good screening tool with good sensitivity and specificity.

Several studies have demonstrated its high sensitivities and specificities for detecting Mohan *et al*., in their study on two ethnic groups, namely, Indian and European diabetic patients, found only 6% of photographs totally unassessable and an additional 12% only partially assessable.\[[@ref20]\] However, there was 72% agreement between ophthalmoscopy by an ophthalmologist and the photographic assessment, and 100% agreement on clinically important lesions requiring treatment in their study. Baeza *et al*. found that screening for STDR with NMC can be performed effectively with one nonstereoscopic retinal photograph per eye with mydriasis.\[[@ref21]\] However, when screening without mydriasis was performed, the percentage of referred patients to ophthalmologists increased from 5% to 15% because of ungradable photographs. Ahmed *et al*. found 35% of the images were not gradable.\[[@ref22]\] Of the gradable images, they found 86% agreement in the grading between nonmydriatic digital stereoscopic retinal imaging (NMDSRI) and dilated fundus examination. Of the gradable NMDSRI results, the overall sensitivity of NMDSRI was 98% and specificity was 100% for retinopathy within one grade of the dilated fundus examination. For macular edema and clinically significant macular edema, there was 100% agreement in the stereoscopic retinal imaging of gradable eyes. A low rate (7.2%) of poor quality images (that required mydriasis) has been reported by Lopez-Bastida *et al*. who reported sensitivity of 92% and specificity of 96% for detecting any DR, and sensitivity of 100% for detecting STDR.\[[@ref23]\] In a recent study in south Israel, the sensitivity of NMDI, when compared to mydriatic imaging was 99.3%, and specificity 88.3%.\[[@ref24]\]

A very important aspect of designing and implementing a screening program with a nonmydriatic digital photographic camera is the rate of ungradable images. In our study, the rate of ungradable photos by nonmydriatic imaging modality is higher than that reported (12-25%) in many of the previous studies.\[[@ref12][@ref13][@ref19][@ref23][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30]\] Light irises have been shown to transmit more light than eyes with dark irises. The high pigment content blocks light from passing through the iris to the retina, restricting it to the pupil. The iris controls the amount of light that enters the eye. Bergamin *et al*. studied the effect of iri color on pupillary light reflex in normal healthy volunteers and found that it significantly influenced the amplitude and velocity of pupillary contraction, but not the pupil size and latency time.\[[@ref31]\] A stronger pupillary light reflex in terms of increased, faster, and prolonged pupillary contraction (as assessed by the amplitude, contraction velocity, and redilation velocity, respectively) was a significant finding in the brown iris group as compared to blue iris group in this study. Klein *et al*. found that patients with brown irises were more discomforted by the flash than patients with blue irises.\[[@ref25]\]

A higher rate of ungradable images (35%) has been reported by Choremis and Chow,\[[@ref32]\] and Ahmed *et al*.\[[@ref22]\] Choremis and Chow found that images obtained from patients aged 65 years or more significantly poorer consistently than those obtained from patients \< 65 years.\[[@ref32]\] Ahmed *et al*. too found that the patients with ungradable eyes were significantly older (65 ± 10.6 years) than those with gradable eyes (57 ± 10.6 years). Higgs *et al*. have reported 34% of patients in whom one or both eyes could not be assessed due to poor quality photos.\[[@ref14]\] They attributed this higher number of ungradable photos as compared to other series to higher proportion of elderly diabetic patients in their community with a mean age of 60 years (range: 6-89 years). Lens opacities and small pupils in older patients reduce the quality of photographs with a NMC. We also observed a higher mean age of patients with ungradable images as compared to those with gradable images. But the median age of patients with ungradable and gradable images did not show a large difference (56 and 53 years, respectively). Our patients were, however, much younger with a mean age of 52.07 ± 13.46 years (range: 9-84 years). This also concurs with the fact that diabetes in Asian countries is disproportionately high in young to middle-aged adults when compared to west, where older persons are most affected.\[[@ref33]\] This could have long-lasting adverse effects on a nation\'s health and economy, especially for developing countries. Lack of symptoms and insidious onset of diabetes in adults may result in development of DR at an early stage. To overcome these challenges, we need to device strategies to diagnose DR at the earliest, so that timely detection and management can prevent vision-threatening complications of DR.

Screening is the most vital step for early detection as it is cost-effective. Sheer numbers, lack of awareness, and inadequate control of diabetes are the major patient barriers in providing adequate diabetes care in India.\[[@ref34]\] Lack of knowledge among the physicians managing diabetes patients, lack of transportation or clinical facilities, and shortage of trained ophthalmologists to tackle retinal diseases constitute some of the physician barriers. The annual screening by an expert ophthalmologist remains a far reached target with increasing number of diabetic patients and very few ophthalmologists with required expertise. Nonmydriatic fundus camera overcomes some of these barriers by allowing retinal examination in the same visit at the diabetologist\'s office with a facility for remote reading by the ophthalmologist. Nonmedical personnel with a minimum of training can operate it. NMCs have been cost-effectively used for telemedicine screening of DR.\[[@ref35][@ref36]\]

It is not only convenient but also provides the opportunity to involve patients effectively in their care and educate them about their disease. We observed that although majority of eyes do not need dilatation for adequate quality retinal photograph to detect DR, a significant proportion of patients that may not have any DR do need ophthalmic referral solely due to ungradable photos.

Our study has a limitation of not evaluating the studied eyes with ophthalmoscopy. However, several studies have reported a lower sensitivity in detecting STDR by direct ophthalmoscopy as compared to by mydriatic photography (color slide film).\[[@ref29][@ref37][@ref38]\]

The acquisition of image quality without the use of dilators needs to be validated in Indian eyes before this technology can be used as a widespread tool for implementation in national screening programs to curb the problem of DR in our population. Older age is a well-known factor that consistently produces poor quality undilated fundus images. But the brown iris may be a crucial factor in Indian population that further compromises the image quality by the NMRI. It has proved to be a useful tool when installed in an endocrinologist\'s clinic for recognizing any form of DR in diabetic patients, particularly those who never otherwise visit an ophthalmologist, because it improves patient compliance due to a greater comfort and convenience. It also limits the ophthalmic referrals by allowing us to screen a large number of patients attending an endocrinologist\'s outpatient clinic and identifying those with DR who require management. However, due to a high number of ungradable photos, it creates unnecessary ophthalmic referrals among patients who do not have any DR or have only mild NPDR because all patients with ungradable photos need to be referred for comprehensive eye evaluation. A relatively lower sensitivity and a high rate of poor quality photographs pose major limitations in its usefulness as a perfect screening system, particularly in dark irides population with diabetes involving younger age groups as seen in Indian eyes.
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